The volatile components of the dried fruit of Luo Han Guo (Siraitia grosvenorii Swingle) belonging to the family Cucurbitaceae were analyzed by AROMASCOPE ® technique using MonoTrap ® DCC18 as an absorbent. A total of 124 volatile components were identified from the headspace aroma solvent extract. The major components were ethanol, butan-l-ol, pentanal, 2-methylbutanal, hexanal, furfural, pent-3-en-2-one, acetic acid, propionic acid, 3methylbutanoic acid, hexadecanoic acid, and so on. Among them, acetic acid, 3-methylbutanoic acid, and 3-hydroxy-4,5-dimethylfuran-2(5H)-one (sotolon) strongly contributed to the overall aroma of the fruit. Besides, sotolon and 5-ethyl-3-hydroxy-4-methylfuran-2(5H)-one (maple furanone) were responsible for the characteristic molasses-like aroma of the fruit.
Luo Han Guo (Siraitia grosvenorii Swingle; 羅 漢 果 ) is a herbaceous perennial vine of the family Cucurbitaceae and native to Guangxi Zhuang Autonomous Region in southern China. It has been mainly cultivated in the mountainous slope of Yongfu Country and Lingui District in Guilin City, Guangxi Province in southern China [1] [2] [3] . As well as abundant glucose and fructose, the dried fruit contains triterpene glycosides called mogrosides that exhibit more than 300 times sweeter than sucrose [4] [5] [6] [7] . Besides making herbal tea, its extract is often used as a natural sweetener even in the food and beverage industry. Due to producing little calories, it has been expected to become the best sugar substitute for those who cannot take sugar like patients of obesity and diabetes. In addition, thanks to its various health benefits on cough relief, reducing blood pressure, preventing constipation, remedy of intestinal trouble, and so on, this traditional Chinese herb has been used as a folk medicine. The powdered extract has already been granted the GRAS (Generally Recognized As Safe) status by U.S. FDA (Food and Drug Administration) in 2010 (GRN No. 000301). In recent years, some medical studies have reported that the fruit extract shows a variety of biological activities and pharmaceutical effects including antioxidative, anticarcinogenic, anti-allergic, antiarteriosclerosis, and anti-inflammatory properties [8] [9] [10] [11] [12] [13] [14] .
In this study, we focused on the odor-active components of this dried fruit. AROMASCOPE ® technique with MonoTrap ® DCC18 as an absorbent was employed to collect the headspace (HS) volatiles. Then, the HS aroma solvent extract was analyzed by a combination of GC/MS and GC/olfactometry to reveal those odoractive components.
The HS aroma solvent extract prepared with MonoTrap ® DCC18 retained the molasses-like and faint chocolate-like characteristic aroma of the dried fruit. As a result of GC/MS analysis, a total of 124 compounds were identified from the extract. The major components were ethanol (24.5%), acetic acid (19.8%), propionic acid (5.0%), pentanal (5.0%), butan-1-ol (3.3%), hexanal (3.1%), 2methylbutanal (3.1%), hexadecanoic acid (2.6%), furfural (2.4%), pent-3-en-2-one (1.7%), 3-methylbutanoic acid (1.6%), and so on. Aliphatic alcohols accounted for 34.0%, followed by 33.1% for acids and 16.8% for aldehydes. In addition, six kinds of sulfurcontaining compounds such as dimethyl sulfide, dimethyl disulfide, dimethyl trisulfide, dimethyl sulfoxide, dimethyl sulfone, and thiazole were identified. Moreover, nine kinds of nitrogencontaining compounds such as acetamide, N,N-dimethylacetamide, 2-pyrrolidone, pyrazine, 2-methylpyrazine, 2,6-dimethylpyrazine, 2-formylpyrrole, 2-acetylpyrrole, and 2-formyl-5-methylpyrrole were also identified by conventional GC/MS. These sulfur-and nitrogen-containing compounds except the presence of 2acetylpyrrole [15] were identified for the first time from this fruit.
To reveal the odor-active components of the dried fruit, GC/olfactometry analyses of the HS aroma extract were carried out. There were three odor detection points of the strong odor intensity, and four points of the middle and 15 points of the weak. It was also confirmed that several aliphatic acids including acetic acid with a sour note, 3-methylbutanoic acid with a sweaty note, butanoic acid with a cheesy aroma, and 2-methylbutanoic acid having a cheesy aroma with a fermented nuance showed relatively high odor contribution to the overall aroma of the fruit. However, due to extremely low amounts, none of components were identified on two points of the characteristic molasses-like aroma of the fruit. Therefore, the further investigation was made on these unidentified odor detection points by GC×GC/MS and multidimensional (MD) GC/MS. As a result of GC×GC/MS, 3-hydroxy-4,5-dimethylfuran-2(5H)one (sotolon) possessing a burnt sugar-like aroma was identified in a trace amount by comparing its two-dimensional plot with that of the authentic chemical. With regard to the other odor detection point of the molasses-like aroma, 5-ethyl-3-hydroxy-4-methylfuran-2(5H)-one (maple furanone) having a similar structure to sotolon was identified by MDGC/MS. Hence, it was elucidated that those components responsible for the molasses-like aroma of the fruit were sotolon and maple furanone.
In conclusion, acetic acid, 3-methylbutanoic acid, and sotolon exhibited the intense contribution to the fruit aroma. In addition, sotolon and maple furanone were responsible for the molasses-like aroma of the fruit. 
Experimental

Preparation of HS aroma extract:
The dried fruit of Luo Han Guo cultivated in Guilin City in southern China was purchased at the Makishi public market in Naha City, Okinawa Prefecture in Japan on December 2011. The 96.9 g of five fruits were cut into pieces and placed into a 3 L of Tedlar ® (registered by DuPont) sampling bag with 10 pieces of MonoTrap ® DCC18 (GL Sciences Inc., Tokyo, Japan) containing ODS groups and activated carbon as absorbents. After the air inside the bag was removed, the bag was replaced with 1.0 L of dried air through a charcoal tube and then sealed up for 24 hours to conduct passive sampling of volatiles emitted from the fruits. The absorbents were subjected to extraction with diethyl ether using ultrasonic vibration. The solvent extract was concentrated with a Kuderna-Danish condenser at 42°C and further concentrated with a nitrogen stream at room temperature, resulting in a final volume of approximately 200 μL. The yield of volatiles from the dried fruit was 0.0003% by weight. GC/FID: GC/FID analyses were carried out on a 7890A GC System (Agilent Technologies, California, USA) equipped with a BC-WAX column (50 m × 0.25 mm i.d., film thickness of 0.15 μm, GL Sciences). The injector and the flame ionization detector temperatures were kept at 250°C. The carrier gas was helium with a constant pressure of 180 kPa. The oven temperature program was set from 70°C to 220°C at a rate of 4°C/min. GC/MS: GC/MS analyses were performed using a GCMS-QP2010 Ultra (Shimadzu Co., Kyoto, Japan) equipped with a BC-WAX column (50 m × 0.25 mm i.d., film thickness of 0.15 μm). Electron impact ionization was employed for the mass spectrometry at an ionization energy of 70 eV in scan mode. The injector and the ion source temperature were set at 230°C and 200°C, respectively. The carrier gas was helium with a constant pressure of 180 kPa. The oven temperature program was the same as described for the GC/FID. Identification of each component was made by comparing and matching the retention time and the mass spectrum with those of the authentic chemical. GC/olfactometry: GC/olfactometry analyses were conducted on a GC-2010 (Shimadzu) equipped with a BC-WAX column (50 m × 0.25 mm i.d., film thickness of 0.15 μm). The injector and the sniffing port temperatures were set at 250°C. The carrier gas was helium with a constant pressure of 180 kPa. The oven temperature program was the same as above.
GC×GC/MS: GC×GC/MS analyses were performed using a 7890A GC System (Agilent Technologies) equipped with a BC-WAX (50 m × 0.25 mm i.d., film thickness of 0.15 μm) as the first column and an InertCap 5MS/Sil (10 m × 0.10 mm i.d., film thickness of 0.10 μm, GL Sciences) as the second column. A coupled 5975C inert XL EI/CI MSD (Agilent Technologies) was operated under electron impact condition at an ionization energy of 70 eV in scan mode. The injector and the ion source temperature were set at 250°C and 200°C, respectively. The carrier gas was helium with a constant pressure of 600 kPa. The oven program was set from 84°C to 222°C at a rate of 4°C/min. MDGC/MS: MDGC/MS analyses were conducted with a MDGC/GCMS-2010 (Shimadzu). With this system, a heart-cut of the relevant fractions can be made and transferred from the first polar column to the second non-polar one via a switching element. The first GC was equipped with a BC-WAX column (30 m × 0.25 mm i.d., film thickness of 0.25 μm). The injector and the flame ionization detector temperatures were set at 250°C. The carrier gas was helium with a constant pressure of 180 kPa. The first oven program was set from 70°C to 230°C at a rate of 5 °C/min. The second GC was equipped with an Rxi-5ms column (30 m × 0.25 mm i.d., film thickness of 0.25 μm, Restek Co., Pennsylvania, USA). The second oven was initially set at 100°C for 25 min and then programed from 100°C to 220°C at a rate of 2°C/min. Electron impact ionization was employed for the mass spectrometry at an ionization energy of 70 eV in scan mode.
